cit. 20, 62 Sensitivity for SEA can be improved by screening patients for risk factors such as diabetes, intravenous drug use, alcohol abuse, other sites of infection, trauma, history of invasive procedures, or immunosuppression. 19, 51 Laboratory tests such as C-reactive protein (CRP), erythrocyte sedimentation rate, and complete blood count can help triage those patients who are highest risk. 17, 20, 51 These steps, along with improvements in both the quality and availability of MRI, allow patients to be diagnosed and treated earlier in the disease process, driving mortality rates down to around 5% in modern series. 17 This condition is defined by a pyogenic infection of the potential space between the vertebral body and dura mater of the spine. 23, 51, 58 The epidural space can be seeded with infection by a variety of mechanisms including hematogenous spread (50%), direct extension from adjacent infection (33%), inoculation from spinal procedures (15%), or unknown mechanisms. 17, 53, 57 Although Staphylococcus aureus causes approximately two-thirds of spinal abscesses, other infecting pathogens including gram-positive and -negative bacteria, anaerobic bacteria, mycobacteria, fungi, and parasites have also been implicated. 33, 35, 51, 54 The pathogenesis by which infection in the epidural space leads to neurological deficit remains a controversial topic, with evidence for both direct compression and vascular occlusion caused by septic thrombophlebitis as the offending mechanism. 8, 23, 24, 30, 55, 66 The direct-inoculation rabbit model studied by Feldenzer et al. along with the clinical improvement seen after surgically addressing mass effect caused by SEA, support the direct compression model. 13, 23, 24 However, instances of rapid clinical deterioration in the absence of radiographic compression and postmortem examinations showing venous and arterial thrombosis lend credence to a vascular etiology. 8, 30, 55, 66 Probably both factors potentiate the development of neurological injury and help explain why the clinical course is often unpredictable. 58 The treatment of SEA is two-pronged, with antibiotics for treating the systemic manifestations and surgery for local disease control. When surgery is required a posterior laminectomy is the most common approach. 51 In cases of isolated ventral compression an anterior or lateral approach, often coupled with corpectomy, may be required. 36, 41 Less invasive methods of surgical evacuation such as CT-guided needle aspiration, hemilaminectomy, and interlaminar fenestration have been reported, with promising results. 5, 15, 16, 42, 54, 59 When presented with extensive SEA, the options to avoid a multilevel laminectomy include suction irrigation catheters passed through endor intermediate-level laminectomies or multilevel unilateral fenestrations. 39, 49 Over the 250 years since SEA was first described, our knowledge base, diagnostic tools, and treatments have improved significantly. However, SEA remains a rare event with significant variation in its causes, anatomical locations, and rate of progression. This makes it difficult to build a strong evidence base stratifying patients to the most effective treatment algorithm. In fact the medical literature includes only 28 case series, containing at least 30 subjects, and reporting on the treatment and outcome of SEA. 1, 3, 4, 6, [11] [12] [13] [14] 16, [18] [19] [20] 28, 31, 32, 34, 36, 37, 47, 48, 54, 56, 59, 61, 62, 65, 69, 72 This paucity of good clinical data hampers our ability to make definitive recommendations on the optimal timing of surgery and the role for nonoperative management. This review addresses the best available evidence regarding treatment modality and timing, with an emphasis on creating a management algorithm to identify those patients who can safely be spared surgery.
Search Methods
A National Library of Medicine (PubMed) computerized literature search of studies published between January 1950 and May 2014 was undertaken using the Medical Subject Heading "epidural abscess spinal." This search acquired 1325 citations for review after excluding non-English-language references. The titles and abstracts of these publications were reviewed. Literature analysis was focused on identifying original clinical articles reporting treatment and outcome in human patients with SEA. Relevant articles were critically reviewed and additional citations were extracted from their reference lists. This resulted in 28 original clinical articles containing at least 30 study subjects from which the majority of the data for this review were obtained. 1, 3, 4, 6, [11] [12] [13] [14] 16, [18] [19] [20] 28, 31, 32, 34, 36, 37, 47, 48, 54, 56, 59, 61, 62, 65, 69, 72 The study design and conclusions of the 10 largest cohorts, each containing more than 50 cases, are summarized in Table 1 . The appropriateness of conclusions drawn from these studies was approximated by ranking the level of evidence. Class I evidence is generated from well-designed randomized controlled clinical trials. Class II evidence comes from well-designed comparative clinical studies and less-welldesigned randomized controlled trials. All of the conclusions for the surgical treatment of SEA for this review were from case series, comparative studies with historical controls, case reports, expert opinion, and flawed prospective studies, representing Class III evidence. 10, 52, 67 
Operative Versus Nonoperative Management
Early large reviews and expert opinion strongly favored emergency surgical evacuation in all patients with SEA to prevent progressive neurological deficit. 4, 14, 16, 17, 27, 28 Modern treatment algorithms for spinal infection continue to list evidence of epidural abscess as an indication for operative management. 21 With heightened disease awareness, improved antibiotics, and better availability of imaging studies such as MRI, patients are more often being diagnosed with SEA early in the disease process. 19 This has led some groups to publish large case series reporting similar outcomes with initial operative and nonoperative strategies in highly selected patient populations. 1, 11, 37, 48, 54, 56, 62 In these retrospective case series, nonoperative candidates are chosen based on the clinical judgment of the treating surgeon and include a high proportion of patients whose SEA is identified prior to the development of neurological deficit. Better defining the significant factors that allow for safe triage to medical management is therefore a high priority. There is relative consensus in the published literature that patients with acute or progressive neurological deficit, spi- nal instability, progressive deformity, or disease progression despite antibiotics require surgical intervention.
17,29,50
A variety of recent publications have attempted to find other factors that predict a failure of medical management. Keep in mind that all of the current published series are retrospective and are thereby subject to significant selection biases skewing the cohorts treated with antibiotics alone toward smaller abscess size and better initial neurological function.
14,56,59,61
Connor et al. 13 reported their experience in treating 77 patients with SEA, of whom 57 were managed operatively. They found that age and preoperative weakness are correlated with worse outcome. Overall they found no statistically significant difference between patients treated with surgery and antibiotics versus antibiotics alone, which they attribute to probable allocation bias. Decompressive surgery did significantly improve outcome in patients presenting with a motor deficit. Uchida et al. 65 described MRI characteristics of SEA and reported that no cases with a "ring-like" enhancement pattern were successfully managed nonoperatively.
Patel et al. 48 highlighted the importance of careful patient selection when deciding to treat SEA with antibiotics alone. In their retrospective review of 128 cases they found that early surgery had better neurological outcomes than delayed surgery after a trial of medical management. Furthermore, they reported a 41% failure rate, with patients who initially attempted medical management going on to require surgery. They identified 4 parameters that independently predicted failure of medical management: diabetes mellitus; CRP > 115 mg/L; white blood cell (WBC) count > 12.5 × 10 9 cells/L; and bacteremia. Patients without these high-risk features were successfully treated with antibiotics alone 91.7% of the time.
Kim et al. 37 reported a detailed analysis of 127 patients initially treated nonoperatively. They reported a failure rate of 43%, defined by delayed surgery or death directly related to unsuccessful medical management. Age older than 65 years, diabetes mellitus, methicillinresistant S. aureus (MRSA) infection, and neurological impairment involving the spinal cord were all found to be independent predictors for failure of medical management. Patients with none of these high-risk features had a 17% probability that antibiotic management would fail; this increased to at least 33% if they had 1 high-risk feature, and 99% if all 4 high-risk features were present.
Adogwa et al. 1 reported on 82 patients older than 50 years and concluded that early surgical decompression combined with intravenous antimicrobial therapy was clinically equivalent to intravenous antimicrobial therapy alone. They came to this conclusion despite the fact that the surgery group had a significantly higher rate of good neurological outcomes by a factor of more than 2. They argue that in an older population with more comorbidities the risks of surgical intervention may outweigh the expected neurological benefit from early decompression. This finding should be taken into account when considering the correlation of age older than 65 years with failure of medical management reported by Kim et al., 37 because increasing age may be associated with worse outcomes for both initial operative and nonoperative management.
Based on the best available evidence, medical management can be a safe and effective treatment strategy for SEA in highly selected patient populations. 1, 2, 7, 11, 22, 37, 40, 48, 54, 62, 68, 70 Figure 1 summarizes our evidence-based treatment algorithm to safely triage patients to initial operative or nonoperative management. Initial nonoperative management is indicated in patients who are not medically stable for surgery. 17, 27 In cases of complete spinal cord injury for at least 48 hours prior to presentation we also advocate initial nonoperative management, because the surgical risks probably outweigh the chance of functional neurological recovery at that point. 17, 25, 27, 54, 55, 71 Obviously surgery may still be indicated if there is concern for an ascending deficit, such as in cases where the clinical level is lower than the anatomical location of the infection.
Furthermore, care must be taken not to improperly classify patients as having sustained complete spinal cord injuries in cases in which there is evidence of spinal shock or barriers to adequate assessment. 25 Neurologically stable patients lacking reported high-risk features for failure of medical management including diabetes mellitus, 37, 48 MRSA infection, 37 neurological impairment involving the spinal cord, 37 acute or progressive motor deficit,
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CRP > 115 mg/L, 48 WBC count > 12.5 × 10 9 cells/L, 48 ring-like enhancement on MRI, 65 or bacteremia 48 can be offered nonoperative management with close monitoring as the initial line of treatment. The patient and treating physician must be aware that even in the absence of risk factors there is no guarantee that medical management will not fail and that the patient will not go on to require surgery. In fact, in the two papers that evaluated this circumstance, the risk for failure of medical management remained between 8.3% and 17%. 37, 48 This is of significant consequence because the best predictor of postoperative neurological outcome is preoperative neurological status. 3, 16, 18, 44, 48 Thus, a valid argument can still be made that when feasible, the first-line treatment for SEA should remain urgent surgical decompression before a possible progression in disease causing a decline in neurological examination.
Timing of Surgery
In 1948 Heusner advocated early surgical evacuation for SEA after reporting no cases of complete neurological recovery in patients with paresis more than 36 hours prior to surgery. 27 Traditionally, SEA has been treated as a surgical emergency; therefore, few clinical studies are able to comment on the timing of surgery without introducing confounding biases. For example, Connor et al. found no significant association between outcome and time to surgery, with 56% of patients undergoing operation within 24 hours of presentation. 13 However, in this study patients with acute loss of motor strength or bowel and/or bladder control generally received emergency surgical decompression. Thus, allocation biases probably played a large role in the nonsignificant outcome for surgical timing because patients with an indolent disease course preferentially received delayed surgery. Also, the broad definitions of outcome used in this study (death, worsened or no improvement, minimal improvement, improved, or resolved) may miss subtle differences in neurological examination results. Patel et al. 48 used American Spinal Injury Association motor scores to obtain more detailed outcome data. They found that although patients who received urgent versus delayed surgery had no significant difference in final motor outcome, on average the delayed surgery group was weaker compared with the findings at presentation, whereas the immediate surgery group improved. These authors concluded that surgical intervention should be initiated as soon after diagnosis as possible because the ability to recover motor function after failed medical management is significantly impaired.
The finding by multiple groups that time to diagnosis significantly affects neurological outcome supports the idea that when it comes to treating suspected SEA, earlier is better. 16, 19, 20 Although most patients with SEA generally progress through back pain, root pain, weakness, and paralysis sequentially, the rate of this progression is highly variable. 16, 18, 27, 36 Some patients remain with back pain for more than a month, whereas others will go from mild symptomatology to complete paralysis within a few hours. 4, 16, 18, 60 Multiple series have confirmed that waiting to treat SEA until after a neurological deficit has been sustained leads to worse outcomes. 13, 17, 48 Due to the rarity of the disease process and ethical concerns, a welldesigned study directly comparing time to surgery and outcome is unlikely to be designed. Thus, we are left to decide the timing of surgery for each patient based on estimations of the expected disease course and the consequences of delayed treatment. We thereby recommend emergency surgical evacuation for SEA once the decision is made to proceed with operative management.
Multiple large series have noted that if symptoms of SEA have progressed to complete paralysis for more than 24-48 hours, the likelihood of recovery is exceedingly small. 16, 18, 27, 54, 71 Postoperative morbidity following treatment of SEA has been reported to be as high as 38% (Connor et al.). Thus, many authors have recommended that in patients with long-standing spinal cord injuries, surgery should be reserved for stabilization, failure of medical management to control infection, or debridement, because the rare possibility of functional recovery is outweighed by the risks of surgical intervention. 17 The pathophysiological mechanisms by which infection injures the spinal cord are probably distinct from traumatic spinal cord injury. Unlike trauma, in SEA there may be a window in which complete spinal cord injuries still have a reasonable chance to recover. 25, 38 There are multiple reports of patients who present with acute (less than 48 hours) complete loss of neurological function secondary to SEA who go on to have a good recovery with emergency surgery. 38, 43, 64 The exact time point at which a neurological deficit from SEA becomes permanent despite maximal treatment cannot be inferred from the current body of literature. We therefore continue to recommend emergency surgical debridement if onset of complete spinal cord injury is less than 48 hours.
Conclusions
Despite advances in its medical and surgical treatment, SEA remains a morbid disease process. Patients who are unable to undergo an operation, have complete spinal cord injury for longer than 48 hours with a low risk for rapid ascension of neurological level, or who are neurologically intact and lack clinical and radiographic risk factors for failure of medical management may be treated with antibiotics alone and close clinical monitoring. If initial medical management is to be undertaken, the patient should be made aware that delayed neurological deterioration may not fully recover even after prompt surgical treatment. Patients who are deemed good surgical candidates should receive their operation as soon as possible because the rate of clinical deterioration with SEA is notoriously unpredictable. Although patients tend to recover from acute neurological deficits after treatment of SEA, the time point when a neurological injury becomes irreversible is unknown, further supporting emergency surgery in those patients with acute neurological findings.
